Abstract Purpose Gender differences in youth self-harm are sparsely studied regarding long-term prognoses. We aimed to study the gender differences in effects of adolescent self-harm in early adult life in four domains: 1/family situation, 2/education and employment, 3/mental illness and suicidal behaviour, and 4/suicide and all-cause mortality. Method A register-based cohort study including all Swedish residents aged 20 during 2001-2005 was performed. Exposure was self-harm at ages 10-20, and outcomes were death and suicide and past-year records of self-harm, marital status/children, education/employment, and mental health at age 30. We used logistic regression for dichotomous outcomes, and Cox regression models for time-dependent outcomes. An interaction term was introduced to detect significant gender effects, in which case we performed stratified analyses. Results Subjects with self-harm before age 20 had a poorer prognosis for all studied outcomes, and risk estimates were similar for men and women for most outcomes including suicide. Significant interaction terms (ITs) were found, revealing gender differences, for being married (p IT 0.0003; OR men 0.6, OR women 0.9), being a parent (p IT < 0.0001; OR men 0.7, OR women 1.1), receiving unemployment support (p IT < 0.0001; OR men 2.4, OR women 1.8), and death from any cause (p IT 0.006; OR men 10.6, OR women 7.4). Conclusions Adolescent self-harm was associated with later life adversities and affected men more than women regarding prognoses for unemployment and certain aspects of the family situation. We found no gender difference for the effect of self-harm on the risk of suicide. Future suicide risk should not be underestimated in young self-harming women.
Introduction
Self-harm and suicidal behaviour are common among young people. In other studies of self-harm, various terms are used. In this article the term "self-harm" is used, defined as direct self-injurious behaviour regardless of the degree of suicidal intent. If the referred studies use other definitions, this is stated in the text. In population-based studies, around 10% of youth report a history of self-harm [1, 2] ; in a European multi-centre study of self-harm, 13 .4% of female adolescents and 4.3% of young men had a lifetime history of self-harm [3] . Onset of suicidal behaviour is most often in late adolescence or the early twenties [4] . Self-harm and suicidal behaviour in the identity-forming period of adolescence are likely to affect a person's adult life in several respects, such as life expectancy, the establishment of a family, the pursuit of a career, and mental health status. Previous studies have reported increased risks of violence/criminal behaviour, mental and physical health problems, and need for social support and welfare benefits [5] [6] [7] [8] [9] [10] .
There are considerable gender differences in suicidal behaviour during youth and young adulthood, with suicidal ideation and suicide attempts being more common in young women [11] . The same is true for non-suicidal self-injury (NSSI), for which there is a larger gender difference in clinical than in community samples [12] . For medically severe suicide attempts, the gender difference is less pronounced [11] . The "suicidal gender paradox" points to the fact that, despite the higher prevalence of self-harm among women compared to men, men more often die from suicide than do women [11] [12] [13] [14] . Women have higher rates of internalising disorders, e.g. depression and anxiety, which are associated with suicidal ideation and suicide attempts. Externalising disorders linked to more aggressive and impulsive behaviour are more pronounced among suicidal men, and may partly explain the more lethal outcomes of their suicidal behaviour [14] .
Since it has been suggested that both NSSI [12] and suicidal behaviour [11, 14] varies between men and women with regard to its functions, prevalence, and associated variables, long-term effects may also differ between the genders. The effects of adolescent self-harm on various important measures of quality of life in adulthood have not been extensively explored with regard to gender. In a follow-up study in New Zealand of individuals who had made a suicide attempt before the age of 24, a large variety of psychiatric, physical and social factors were assessed at age 38. Gender differences were found only for physical functioning and metabolic syndrome. The effects of suicide attempt were otherwise the same in both sexes [7] . As in other studies, the number of suicide attempters was limited; thus, studies of larger samples would be valuable.
The probability of setting up stable relationships as well as becoming a parent might be affected among those who self-harm. A previous study explored future family situation, among other outcomes, after adolescent suicide attempts, and found no significant associations with marital status or parenthood in adulthood between suicide attempters and non-attempters of both genders [9] . However, there is evidence among young male suicide attempters of associations with later instability of intimate relationships, and with violent behaviours towards partners [6] . An increased risk of being victimised by romantic partners is also reported for young suicide attempters, without a gender difference [7] .
Suicidal behaviour and self-harm, and also mental distress as such, may have negative effects on academic performance, and affect future prospects of engaging in higher education [9, 15] . We have found no evidence that such effects differ between men and women who had attempted suicide at a young age [9] . Young suicide attempters face difficulties in labour market integration [7, 8] . In a Swedish national cohort there were significant interactions between gender and suicide attempts for young people on longterm sick leave or disability pension and unemployment, but with only marginally different risk estimates [8] .Longterm mental health problems, such as depression, substance dependence, and use of mental health care and prescribed psychotropic drugs, has been reported after suicide attempts and self-harm at an early age [5, 7, 10, 16] . Substance use is associated with a history of suicide attempts in young women but not in men [5] . To our knowledge, in-depth analyses of gender differences in future mental illness after self-harm during youth have not been performed.
Self-harm is an important risk factor for suicide [2] . Men die from suicide more often than women, and women selfharm more often than men, but whether the risk-increasing effect of self-harm, or its signal value, differ between men and women is not clear. Since self-harm is less common among young men, it is possible that self-harm in young men is a more severe indicator of later adverse outcomes, such as suicide. The risk of further suicidal behaviour in early adulthood is increased by adolescent self-harm, but gender differences have either not been detected or have pointed in different directions [5, 7, 17] .
The aim of the present study was to use national registers to investigate gender differences in long-term prognoses after self-harm leading to hospitalisation in youth across four domains: 1/family situation, 2/education and employment, 3/mental illness and suicidal behaviour, and 4/ suicide and all-cause mortality.
Methods
We conducted a cohort study based on linked Swedish population registers. We included all individuals who were reg- No information on suicidal intent at the self-harm event is available from registers.
Data on the sex of the individuals were gathered from LISA (male/female). Information on country of birth derives from the Total Population Register (TPR), and was dichotomised as birth outside Sweden or the other Nordic countries (e.g. Finland, Norway, Denmark and Island) y/n. The TPR was established in 1968 and contains data on, e.g. country of birth, age and sex, and is held by Statistics Sweden.
Outcomes
We collected data on social and health status during the calendar year when the individuals were 30 years of age. We organised the included outcomes into 4 domains:
Domain 1
Family situation, where information on civil status during the age-30 calendar year was collected from LISA. The variables were operationalised as married yes/no (y/n), divorced/ widowed y/n and unmarried y/n, and also parental status (as having children y/n).
Domain 2
Educational and employment status, where data on achieved level of education were collected from Sweden's Educational Register. The register contains data on the highest level of education of all Swedish citizens since 1985. The highest level of education is operationalised as low (≤ 9 years), medium (9-12 years), and high (≥ 12 years, higher education). Data on employment status were taken from LISA. The variable unemployment (y/n) was defined as having received unemployment benefits at some point during the age-30 calendar year. We defined sick leave (y/n); as having received sick-leave benefits during the calendar year, which requires at least one period of sick leave exceeding 14 days.
Domain 3
Mental illness and self-harm Psychiatric care during past year was defined as having made any visit to a specialised psychiatric care unit y/n, inpatient or outpatient, during the age-30 calendar year, as recorded in the NPR. We also used any record in the NPR of a diagnosis of substance use disorder (F 10-19, thus including alcohol, as well as legal or illegal drugs) and of self-harm (X60-84 or Y10-34) during the past calendar year at the age of 30.
Domain 4
Suicide during follow-up defined as death by suicide (X60-84) or with underdetermined intent (Y10-34). The information was taken from the Cause of Death Register (CDR), which includes all deaths since 1952 of individuals, registered in Sweden at time of death, which is held by the National Board of Health and Welfare. Information on death from any cause during follow-up was gathered from the CDR and is included in all cases of death.
Statistical analyses
We performed Chi-squared tests to assess differences between the included variables among women and men. To analyse the probability of the outcomes appearing after selfharm, we used logistic regression models, with individuals not exposed to self-harm before age 20 as the reference category. In all the analyses, we included an interaction term for the variable in question and for sex. If the interaction term was statistically significant, we present separate analyses for women and men. The analyses were adjusted for country of birth. In the analyses of death from any cause and suicide before age 30, Cox proportional hazard models were performed, and hazard ratios (HR) were calculated. Time at risk was considered as the time from the 1st of January of the year when the individual turned 20 up to time of death, or time of emigration, or end of follow-up (end of the year when the individual turned 30). 
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Results
There were 496,152 individuals in the cohort, and 241,597 (48.7%) were women. Before the age of 20, 5857 (1.2%) individuals had a record of self-harm in inpatient care; 4237 women (1.8%) and 1620 men (0.6%). At age 30, 23,450 (4.7%) were lost to follow-up, due to death or emigration; for men, loss to follow-up was higher among those with early self-harm (Table 1) . Mean age at the first self-harm event was 16.8 (SD ± 2.2) years among women and 17.2 (SD ± 2.4) years among men. Descriptive data are presented in Table 1 , and the models displaying significant interaction terms and requiring stratified analyses are shown in Table 2 .
Self-harm in adolescence implied higher odds of being divorced/widowed (adjusted odds ratio (AOR) 2.6; 95% CI 2.3-2.9) for both genders. There was a significant interaction between gender and being married; self-harm affected the odds more for men (AOR 0.6; 0.5-0.7) than for women (AOR 0.9; 0.8-0.9). Among men, the odds for being a parent at age 30 was lower for those with self-harm compared to those without (AOR 0.7; 0.6-0.8), but self-harm did not affect the odds of being a parent among women.
Self-harm before age 20 affected the probability of achieving a high education at age 30, similarly among women and men, with adjusted ORs of 0.4; 0.3-0.4, respectively. Receiving unemployment benefits was prevalent after self-harm: with adjusted OR of 1.9; 1.8-2.1. The interaction effect with gender was significant, with a higher OR for men (2.4; 2.2-2.8) than for women (1.8; 1.6-1.9). Among those with self-harm, the probability to have a past-year history of psychiatric care at age 30 was higher with AOR of 6.6 (6.2-7.0). The odds ratio among those with self-harm before age 20 for having a diagnosis of a substance use disorder during the past year at age 30 was 8.8 (7.4-10.5). There were similar effects of early self-harm on both outcomes for women and men. The odds ratio of having at least one event of self-harm during the past year was elevated for those with an early history of self-harm (AOR 17.6 (14.6-21.2)), with a similar effect on women and men.
The total number of suicides in the cohort, recorded at follow-up between age 20 and age 30, was 1191. Among the women who had self-harmed, 76 (1.8%) individuals had died from suicide, and among the men 73 (4.5%) ( Table 1) . The hazard ratio (HR) for death from suicide before age 30 was 12.1, with a 95% confidence interval of 10.2-14.4, after self-harm, and was higher after adjustment for sex and country of birth (HR 15.9; 13.4-19.0). There was no significant interaction between self-harm and gender regarding the risk of suicide. But there was a significant interaction between gender and self-harm regarding the risk of death from any cause; self-harm implied a slightly higher elevation of risk of death among men (adjusted HR 10.6; 9.0-12.4).
Discussion
In this national cohort, we were able to investigate whether the long-term effects of adolescent self-harm (before age 20) on adult life differed between men and women in four domains: marital status and children, education and employment, mental illness and self-harm, as well as death. We found overall associations between adolescent self-harm and the outcomes in all domains, but gender differences in only two; the probability was lower among men to be married and to be a parent, and higher to receive unemployment benefits. The risk of all-cause mortality between ages 20 and 30 was more affected by previous self-harm in men, but the effect on suicide risk did not differ according to gender. The results suggest that self-harm has a similar significance as a warning signal for the risk of suicide and long-term mental illness in men and women.
Gender differences in self-harm
In the present cohort, the proportion of young women who had self-harmed as adolescents was considerably higher than that of men. As our cohort was based on self-harm events that had led to hospitalisation, it is possible that the self-harm acts included were medically severe. It has been suggested that, among more medically serious cases of suicide attempts, the gender difference is smaller [11] . In a meta-analysis of gender differences in non-suicidal selfinjury, an elevated prevalence of self-harm among women compared to men was detected, but with a smaller effect size than expected [12] . The gender difference was more pronounced in clinical samples, and the authors discuss the possibility that women are more inclined to seek medical care in cases of self-harm.
It is possible that gender differences can partly be explained by differences in help-seeking behaviour, perhaps explained by the perception of self-harm as a stigma by men [18, 19] . Other reasons for a higher prevalence of self-harm among young women than men could be the higher incidence of mental disorders, such as depression and anxiety among adolescent women. In a Swedish survey from the 1990s the incidence of depression in school girls 16-17 years was four times that of the boys [20] . In a more recent American national survey, the incidence of depression among women aged 12-17 was around three times that of men [21] . In the latter study around 15% reported a suicide attempt in their first episode of depression, confirming previous findings regarding the close associations of mental disorders with self-harm and suicidal behaviour [22] . A model for better understanding of the high prevalence of depression in young women has been proposed, where a vulnerability-stress hypothesis has been presented [23] . A combination of genetic, affective and cognitive vulnerability can result in depression, together with stressful life events, which are more frequently reported by adolescent women. It has been suggested that described cognitive vulnerability, e.g. rumination or negative beliefs about one's own worth, competence or body, contribute to higher levels of depression in young women.
Family situation
Adolescent self-harm was found to be negatively associated with the probability of developing a stable family situation, with higher rates of divorce and lower rates of being married at age 30 for both genders. For men who had self-harmed, there was a lower likelihood of marriage or for being a parent than for women. A suicide attempt before age 18 has previously been found to be related to later relationship instability and also to aggressiveness towards romantic partner among men [6] . The authors discuss the role of impulsive aggression, which might play a larger role in male self-harm or suicidal behaviour. It is possible that gender differences in factors associated with youth suicidal behaviour, e.g. impulsiveness and aggression for men and depression and anxiety for women [14] , have an impact on differences in the prevalence of static family situations in later life. The role of aggression in self-harm behaviour may however need more analysis, it is possible that aggression is expressed differently among women, and that aggression may not have been acknowledged or studied among women.
Educational and employment status
Men with self-harm in youth were significantly more likely to receive unemployment benefits than their women counterparts; odds ratios for men were 3.7 and for women 2.7, with non-overlapping confidence intervals. A previous study describes negative effects on later occupational and educational markers for both genders from self-harm [24] . Further, an earlier study concluded that gender did not affect the elevated prevalence of adult unemployment after youth suicide attempts [7] . However, in a Swedish long-term followup after suicide attempt at a young age, women were more likely than men to have taken sickness absence or disability pension, and men were more likely to be unemployed [25] . It is possible that young women present with more mental health problems and are hence introduced to the sick-leave benefit system to a greater extent than men are. There is also a possibility that this finding reflects a Swedish phenomenon, possibly an effect of aspects of the social welfare system, which we have no means to further discern. We found no gender effect on the risk of having received sick-leave benefits during the past year at age 30, which is in line with our findings on mental health outcomes.
Mental illness and self-harm
In the mental illness and self-harm domain, there was a clear effect of adolescent self-harm, which was similar for men and women, for past-year history of psychiatric care, and also for being diagnosed with substance abuse. Substance use in adulthood after self-harm in adolescence has previously been reported [26] , but we could not replicate previous findings from a study of a New Zealand cohort, which reported an increased risk of substance use only among female adolescents with suicidal behaviour [5] . Among military recruits in Israel, the prognosis for those who had been treated after a suicide attempt in adolescence was worse among men than women, especially with respect to mental illness [27] . The risk of adult non-lethal self-harm did not differ between men and women. Contradictory evidence of the effect of gender on repetition of self-harm has previously been presented, but the different gender effects have in general had small effect sizes [17] . In this large-sized cohort with national coverage, where the estimates and confidence intervals suggest rather robust findings, the similarity in the effect of self-harm on women and men should be of help for future research.
Suicide
Self-harm during adolescence was found to be associated with a high rate of suicide in young adulthood, as expected. This association was roughly the same for both genders. Death by suicide occurred more often among men than women; however, our results indicate that self-harm that requires hospitalisation is an equally strong warning sign for young women and young men concerning the long-term risk of death by suicide. Gender differences have previously been reported; in a large follow-up of self-harm attendees of all ages in emergency departments, the standardised mortality rates (SMRs) for women were almost twice as large as for men, even though suicide after self-harm was more common among men [28] . Men and women have also been studied separately in order to address differences regarding the factors predictive of suicide after a suicide attempt, suggesting that advancing age, high suicidal intent, and previous or current psychiatric contact were risk factors for women only, and having repeated self-harm and making a violent index attempt were particular male risk factors [29] . Excess deaths from any cause have been shown to be higher among men than women [30] , which was also noted in the present study.
In summary, in long-term follow-up after adolescent selfharm, effects compared to non-self-harm were obvious in all four domains: 1/family situation, 2/education and employment, 3/mental illness and self-harm, and 4/suicide and allcause mortality. The effect of gender, however, was evident regarding the adult family situation and unemployment, but the effects on psychiatric morbidity and suicide were similar among men and women. Self-harm may be associated with mental illness in similar ways in both men and women, and thus provide an equally strong warning sign of later mental illness and suicide for both genders. However, self-harm could have different associations for young men and women in terms of social disadvantages or personality features, which may be manifested in differing long-term effects in the social/occupational domains.
Strengths and limitations
A major strength of the present study is its use of national registers, which provide non-biased data with regard to region and data collection, and further give strong enough statistical power to allow for analyses of a wide range of outcomes.
Some limitations should be noted. The patient register contains data on ICD-codes for self-inflicted harm, but we have no information on suicidal intent. Thus, we have chosen to use a concept of self-harm that includes events with and without suicidal intent. We also included events involving uncertain intent. Likewise, our suicide outcome measure included uncertain verdicts on intent. There is a possibility that this might overestimate the prevalence of suicide, which we decided was preferable to an underestimation [31] . Further, when estimating outcomes at age 30, only subjects still alive were included in the analysis. Since more males then females with self-harm, notable due to suicide, were lost to follow-up, a selection bias may have been introduced. The outcomes at 30 would probably have been more severe if these males had remained in the study.
Only self-harm events that had led to hospitalisation were included, so our results are not valid for the major part of self-harm events that are never presented at health care or do not give rise to inpatient care [3] . One can assume that our sample of young adults with experience of inpatient care after self-harm would differ from a community sample of self-harmers in several aspects. A more severe injury and a pronounced suicidal intention probably enhance the possibility of admission to hospital after self-harm, but other factors may also contribute, e.g. co-morbidity with severe mental disorders, level of concern surrounding the adolescent, and the possibility to hide the self-harm from others, or in other ways avoid contact with hospitals. Unfortunately, to speculate on the effect of these factors is beyond the scope of this register-based study.
In transgender and gender dysphoric youth, non-suicidal self-harm and suicidality rates are elevated [32, 33] . These individuals may have been misclassified in the present study; we had no data on transgender or non-binary gender identity in the registers used. Prevalence numbers are low [34] ; hence, results for non-transgender subjects are unlikely to be affected. Importantly, however, conclusions cannot be drawn for transgender and non-binary people, and, since prevalence numbers for this group are rising [34] , future research may be needed for them to be considered.
Conclusions
The effect of self-harm in adolescence on young adult life is large in several domains. Our findings suggest that schools, caregivers and social services should pay attention to the psychiatric, social and academic needs of adolescents who self-harm, in order to support their transition into adulthood. The elevated prevalence of self-harm in female adolescents compared to male was confirmed, and further studies are needed to explain the gender difference. To self-harm before age 20 implies a higher risk increase for men than for women in certain family and occupational aspects during adulthood, and further research is needed to confirm results and to investigate possible mechanisms. Overall, prognoses in the four domains were similar in men and women, which indicate that future studies on the prognosis of self-harm might explore both genders together. Importantly, although men are at higher risk of suicide death overall, the signal value of self-harm on suicide risk is just as important among women.
Author contributions MD initiated the study and provided funding. HL managed the dataset, and KB, HL and AH performed the statistical analyses. KB and MD drafted the manuscript. All authors took part in interpretation of the data and co-wrote the manuscript.
Funding
The study was supported by grants provided by Stockholm County Council (PPG), and the Bror Gadelius Foundation.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creat iveco mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
